When hepatocyte proliferation is impaired, liver progenitor cells (LPC) are activated to participate in liver regeneration. We used the 2-acetaminofluorene/partial hepatectomy (AAF/PH) model to evaluate the contribution of LPC to liver cell replacement and function restoration. Fischer rats subjected to AAF/PH (or PH alone) were investigated 7, 10 and 14 days post-hepatectomy. Liver mass recovery (LMR) was estimated, and the liver mass to body weight ratio calculated. We used serum albumin and bilirubin levels, and liver albumin mRNA levels to assess the liver function. LPC expansion was analyzed by cytokeratin 19 (CK19), glutathione S-transferase protein (GSTp) immunohistochemistry and by CK19, CD133, transforming growth factor-b1 and hepatocyte growth factor mRNA expression in livers. Cell proliferation was evaluated by Ki67 and BrdU immunostaining. Compared with PH alone where LMR was B100% 14 days post-PH, LMR was defective in AAF/PH rats (64.1±15.5%, P ¼ 0.0004). LPC expansion was scarce in PH livers (0.5±0.4% of CK19 þ area), but significant in AAF/PH livers (8.5 ± 7.2% of CK19 þ ), and inversely correlated to LMR (r 2 ¼ 0.63, Po0.0001). A quarter of AAF/PH animals presented liver failure (low serum albumin and high serum bilirubin) 14 days post-PH. Compared with animals with preserved function, this was associated with a lower LMR (50 ± 6.8 vs 74.6 ± 9.4%, P ¼ 0.0005), a decreased liver to body weight ratio (2 ± 0.3 vs 3.5 ± 0.6%, P ¼ 0.001), and a larger LPC expansion such as proliferating Ki67 þ LPC covered 17.4 ± 4.2% of the liver parenchyma vs 3.1 ± 1.5%, (Po0.0001). Amongst those, rare LPC with an intermediate hepatocyte-like phenotype were seen. Also, less than 2% of hepatocytes were engaged into the cell cycle (Ki67 þ ), while more numerous (B25% of hepatocytes) in the livers with preserved function. These observations suggest that, in this model, the efficient recovery of the liver function was ensured rather by the proliferation of mature hepatocytes than by the LPC expansion and differentiation into hepatocytes.
In the healthy adult liver, hepatocytes present a very low turnover. When a loss of hepatic mass occurs, as classically modeled by partial hepatectomy (PH), it is rapidly compensated for by proliferation of mature hepatocytes. 1 Several lines of experimental evidence support that mature hepatocytes are the main actors in this process and participation from intra-or extra-hepatic progenitor cells is negligible. [1] [2] [3] [4] [5] Indeed, after the removal of 70% of rat liver mass (70% PH), hepatocytes start to proliferate within 15 h, peaking around 40-48 h, and proliferation is maintained for 4 days. At this time, the remnant liver has regained 70% of the original liver weight. 6 Further restoration of the liver mass is insured by hepatocytes hypertrophy, and complete restitution of liver mass occurs within 10 days post-hepatectomy. Liver progenitor cells (LPC) are believed to represent a facultative reservoir for liver epithelial cells. In the healthy adult liver, LPC are a small population of undifferentiated cells, nested around the canal of Hering, the anatomical and physiological link between hepatocytes and terminal branches of the bile ducts. 7 When activated, they proliferate and retain the capacity of differentiating into hepatocytes or into biliary cells. [8] [9] [10] [11] Such activation occurs when, in response to injury, the normal regenerative response through mature hepatocyte is either overwhelmed by the severity of injury, or deficient due to replicative inability of hepatocytes to undergo cell division (a process known as replicative senescence). It has been reported that a threshold of a 50% loss of hepatocytes, together with a significant decrease in proliferation of the remaining mature hepatocytes is required for LPC activation. 12 Liver progenitor cell activation is encountered in most sub-acute and chronic liver diseases, and the extent of LPC proliferation has been shown to correlate with disease severity. [13] [14] [15] LPC are a heterogeneous cell population identified as small oval cells expressing some biliary such as cytokeratins 7 and 19 (CK7 and CK19), or oval cell antigen 6, immature fetal hepatoblast (glutathione S-transferase protein (GSTp) and a-fetoprotein) or stem cell markers (c-kit, stem cell antigen-1, CD133). 16 Similar to bile duct cells, they also express the epithelial cell adhesion molecule (EpCAM), a factor that has been used to isolate adult rat LPC capable of repopulating an injured liver. 17 While differentiating towards hepatocytes or cholangiocytes, LPC acquire the appearance of cells with intermediate phenotype. Such a transition is associated with a progressive loss of LPC markers while acquiring a more mature phenotype. 18 The effective contribution of LPC to liver cell replacement is currently unknown. Seemingly, it requires two important processes, proliferation and progressive terminal differentiation. Undoubtedly, compared with classical regeneration involving mature hepatocytes, regeneration through LPC has been reported to be poorly efficient and lengthy. 13, 19, 20 However, the very demonstration that LPC are capable of terminal differentiation into hepatocytes is leading to the investigation of the progenitor cell compartment of adult livers as a putative therapeutic target for liver regeneration. 11 The aim of this work was to evaluate the contribution of LPCs to the recovery of liver mass and function in the 2-acetaminofluorene (AAF)/PH rat model.
MATERIALS AND METHODS Animal Treatments
The animal procedures were conducted according to the guidelines for humane care for laboratory animals established by the Université catholique de Louvain (UCL), in accordance with European Union Regulation and protocols approved by the local ethic committee. Male Fisher 344 rats (7 weeks old) were purchased from Harlan (Horst, The Netherlands). After 1 week of acclimatization, 31 rats were implanted a AAF pellet (25 mg, 14 days release, Innovative Research of America, Sarasota, FL, USA) subcutaneously. One week later, a sham operation (AAF/sham, n ¼ 3) or a 70% PH were performed (AAF/PH, n ¼ 28), as previously described. 21 AAF/sham rats were killed 14 days post-sham and AAF/PH rats were randomly assigned for killing at day 7 (n ¼ 8), day 10 (n ¼ 3) and day 14 (n ¼ 17) post-PH. Untreated rats subjected to PH only (PH, n ¼ 4) or not (CTL, n ¼ 3) were used as controls. In a second experiment, rats were subjected to PH 7, 14 or 21 days after the implantation of the AAF pellet (n ¼ 3, 4 and 4, respectively). Liver regeneration 48 h after PH was evaluated and compared with that of PH rats at the same timing. In those, BrdU (1 mg per 100 mg body weight, ip) was injected 2 h prior to killing. The weight of the resected liver (B70% of liver mass) was recorded. Blood was drawn by cardiac puncture at the time of killing and the liver rapidly excised and weighted. Small sections from inferior and superior right lobes were immediately snap-frozen in liquid nitrogen and kept at À801C until use. The remaining tissue was fixed in 4% formalin.
Liver Mass and Function Recovery
The rate of liver mass recovery (LMR) was estimated based on the following formula: % ¼ 100 Â Mf/Mi; where Mf is the weight of liver at killing, and Mi is the total liver mass before hepatectomy estimated by dividing the mass of resected segments by 0.7. The liver mass to body weight ratio was calculated at killing 14 days post PH in AAF/PH (n ¼ 15) and in PH (n ¼ 4), and in AAF/sham (n ¼ 3) and CTL (n ¼ 3). Serum albumin and bilirubin concentrations were measured using automated procedures (Department of Clinical Biology, St Luc University Hospital, UCL, Brussels, Belgium) 14 days post PH in AAF/PH (n ¼ 12) and in PH (n ¼ 4), as well as in AAF/sham (n ¼ 3) and CTL (n ¼ 3).
Immunohistochemistry
Paraffin-embedded livers were cut into 5-mm thick sections. Hematoxylin and eosin (H&E) staining was used for standard histology. For immunohistochemistry, mouse monoclonal antibodies against CK19 (Novocastra, Newcastle, UK; dilution 1:50), Ki67 (Dako, Glostrup, Denmark; dilution 1:50), 5-bromodeoxyuridine (Dako; dilution 1:100) and rabbit polyclonal antibody against GSTp (MBL International, Nakaku Nagoya, Japan; ready to use) were used. Detection was performed using the anti-mouse or anti-rabbit Envision system (Dako) as appropriate. Peroxidase activity was revealed by diamino-3, 3 0 -benzidine Substrate-Chromogen System (Dako) for CK19, Ki67 and BrdU, or by 3-amino-9-ethylcarbazole Substrate-Chromogen System (Dako) for GSTp immunostaining. Slides were counterstained with hematoxylin.
Morphometrical Analysis
Images of sections stained for CK19 and Ki67 were taken at random at Â 200 magnification. Computer image analyses of immunostained sections were performed using Zeiss microscope coupled to an Axiocam camera (MR3, Carl Zeiss, Munich, Germany) and the Axiovision software (Zeiss), and morphometrical quantification was performed as previously described. 22 The percentage of CK19 þ area was expressed as a ratio of stained area to the total image area (leaving out the white vascular areas). At least 10 images per section were analyzed. Consecutive sections stained with CK19 and Ki67 were superimposed to delineate the CK19 þ area on Ki67-stained sections. Ki67 þ nuclei were counted in CK19 þ and CK19 À area, on 10 images per liver slide. The number of stained nuclei to the total number of nuclei, in each CK19-defined zone, was expressed as a percentage and the mean ± s.d. percentage was calculated.
The number of CK19-positive intermediate hepatocytes or hepatocytes-like cells (with hepatocyte polygonal shape and low nuclear to cytoplasm ratio) was determined on at least five images per section and is expressed per surface unit.
Mitotic figures in hepatocytes were counted on minimum 15 high power fields per H&E-stained liver section, and averaged. The BrdU hepatocyte labeling index and the Ki67 hepatocyte labeling index were estimated by counting hepatocyte positive nuclei on nine high-power field per section (a mean of 1500 hepatocytes per liver slide were counted), and were expressed as a percentage of hepatocyte-positive nuclei to the total number of hepatocytes.
Real-Time Quantitative PCR Total RNA was extracted using TRIpure Isolation Reagent (Roche Diagnostics, Vilvoorde, Belgium). Reverse transcription and quantitative real-time PCR analysis were performed as previously described. 22 Primer pairs for transcripts of interest were designed using the Primer Express design software (Applied Biosystems, Lennik, Belgium) and are listed in Table 1 . RPL19 mRNA was chosen as an invariant standard. Results are expressed as fold expression relative to expression in control group (value set at 1) using the delta Ct method.
Statistical Analysis
Data are expressed as a mean±s.d. Statistical significance was determined by the Student t-test. P-values o0.05 were considered as statistically significant. For correlation, the Pearson test was used.
RESULTS

Recovery of Liver Mass Is Impaired in AAF/PH Rats Despite LPC Expansion
There was no mortality in the PH group or during the first 7 days post-PH in the AAF/PH groups. Two rats died at days 11 and 13 post-PH, respectively. LMR at day 14 post 70% PH was B100% in PH group. By contrast, in AAF/PH animals, LMR only reached 56.7 ± 9.6, 56.2 ± 19.7 and 67.2 ± 15.8% at day 7, day 10 and day 14 post-PH, respectively, with no significant difference between time points (Figure 1a) . The liver to body weight ratio at day 14 post-PH was lower in AAF/PH than in PH only rats (P ¼ 0.01), confirming impaired liver regeneration in this model (Figure 1b) .
In CTL and AAF/sham livers, beside bile ducts, rare CK19-positive cells were found directly adjacent to the portal tract. Those were more numerous in PH livers, without however reaching statistical significance ( Figure 2a ). In all AAF/PH livers, the number of CK19 þ cells was significantly increased. Those formed pseudoductular structures expanding from the portal tract towards the centrolobular zone ( Figure 2a) . As assessed by morphometrical analysis of CK19-immunostained sections, there was a stepwise increase in the magnitude of CK19 þ cell expansion between day 7 and day 14 post-hepatectomy, in the AAF/PH group with a large interindividual variability at each time point (Figure 2b) . Similarly, CK19 mRNA expression was increased in AAF/PH livers compared with CTL, AAF/sham or with PH only, with no statistical difference between day 7 and day 14 ( Figure 2c ).
In AAF/PH Liver, Liver Progenitor Cell Expansion Is Inversely Correlated to the Recovery of Liver Mass and Function In CTL animals, serum albumin concentration was at 1.31±0.13 g/dl and serum bilirubin concentration at 0.49±0.22 mg/dl. PH or AAF treatment as in AAF/sham did not alter albumin or bilirubin levels. Out of 12 AAF/PH rats in which blood was available for analysis, 9 AAF/PH rats had levels of bilirubin 14 days post-PH (0.41 ± 0.08) in a range Table 1 List of primer sequences used in the study
Genes
Primer sequence Forward Reverse
LPC-mediated hepatic function recovery A-C Dusabineza et al similar to that of controls with slightly decreased albumin levels (1.2 ± 0.08, P ¼ 0.0006). By contrast, in the remaining three, albumin levels fell below the detection limit (o0.7 g/ dl) and bilirubin levels were dramatically increased (above 1.3 mg/dl; Figures 3a and b) . Thus, despite impaired LMR, liver function was grossly preserved in 9/12 rats, but defective in 3/12 rats. We then correlated serum albumin and bilirubin levels with LMR and observed that failure of maintaining liver function was associated with a lower LMR (45.1 ± 4.9%), compared with AAF/PH rats with albumin and bilirubin in the near normal range, where LMR was significantly higher (74.6±9.4%, P ¼ 0.0005; Figures 3a and b) . Although similar in PH, AAF/sham and AAF/PH rats with normal liver function, the liver mass to body weight ratio was significantly lower in AAF/PH rats with deficient liver function (Figure 3c ). Consistent with low serum levels, hepatic albumin mRNA expression was drastically reduced in AAF/PH rats with low LMR (Figure 3d ). Of note, as in AAF/sham livers, hepatic albumin mRNA was significantly downregulated to B40% of control values in AAF/PH rats with higher LMR, although serum albumin was only moderately reduced. IGF-1 mRNA followed a similar pattern of expression (not shown). Also, liver OTC mRNA expression was significantly reduced in AAF/PH rats with LMR o56% compared with those with a better LMR or with AAF/Sham (Figure 3e ).
Next we evaluated LPC expansion in relation to LMR and liver function 14 days post-PH. As already shown, expansion of CK19 þ cells was minimal in PH livers (Figure 2b ). For AAF/PH rats, we found that LPC expansion, as assessed by CK19 morphometry, was inversely correlated with LMR (R 2 ¼ 0.63, Po0.0001; Figure 4a ). Thus, in livers that poorly recovered their mass and had a deficient function, LPC were significantly more numerous (17.4 ± 4.1 vs 3.1 ± 1.5 of CK19 positive area, Po0.0001), spreading from the periportal and the entire mid-zonal area in livers. In those with a better LMR (above 56%) and liver function, progenitor cell expansion was restricted to the periportal zone. Hepatic CK19 mRNA expression varied in a similar fashion (Figure 4b) , being significantly more overexpressed in AAF/PH liver with poor function and LMR than in those with preserved function and better LMR.
Transcript levels of CD133, described as a marker of nondifferentiated progenitor cells, 16, 23 and transforming growth factor-b1 (TGF-b1), a known mitogen for LPC, 24 were significantly higher in AAF/sham and AAF/PH livers with poor LMR, compared with those with higher LMR (Figures 4c  and d) . We additionally observed an overexpression of CD133 mRNA in PH rats, compared with the untreated CTL livers.
As LPC differentiation into functional hepatocyte is believed to occur as a rescue mechanism to compensate for defective liver function, we searched for signs of hepatocytic differentiation of LPC in AAF/PH livers.
À morphologically resembling hepatocytes (hepatocytelike cells or intermediate hepatocytes; Figure 5a ) were quasi absent in AAF/PH livers with LMR456% and low expansion of LPC (Figure 5b ). Although slightly more numerous, they remain scarce (less than 1 cell per cm 2 ) in livers with low LMR and defective function (Figure 5b ). Transcripts levels of hepatocyte growth factor, a growth factor involved in LPC differentiation, 25 were found to be slightly, but not significantly, higher in AAF/PH livers with LMR o56% (Figure 5c ).
In AAF/PH Livers, Maintenance of Liver Function Depends Rather on Hepatocyte Replication than on LPC Hepatic Differentiation CK19 and Ki67 immunostainings were performed on serial sections to identify cycling Ki67 þ cells and results confirmed by double immunofluorescence (not shown). At day 14 posthepatectomy, in PH group, Ki67 þ nuclei were very few and belonged quasi exclusively to hepatocytes (Figures 6a and b) . 
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In AAF/sham as in CTL livers, Ki67 þ hepatocyte nuclei were quasi absent. The proportion of Ki67 þ nuclei was significantly higher in AAF/PH livers, and even more in those with poor function and LMR (Figure 6b ). In AAF/PH livers with poor LMR, cycling cells were in majority small oval cells in CK19-positive areas (Figures 6a and b) . In AAF/PH with preserved liver function and better mass recovery, besides small Ki67 þ cells being found in CK19-positive area, numerous pericentral Ki67 þ hepatocytes were also observed in pericentral areas (Figures 6a and b) . It thus appears that, in AAF/PH livers, the limitation of the expansion of LPC, as well as the maintenance of liver function, are both related to the proliferative capacity of hepatocytes.
To evaluate the possibility that hepatocytic proliferation may result from a fading or a termination of AAF effect, rats were implanted an AAF pellet and subjected to PH 7, 14 or 21 days later. The proliferative response was analyzed 48 h post-PH and compared with that of control rats. As shown in the Supplementary Figures, liver regeneration was deeply inhibited in rats exposed to AAF, even when PH was performed 21 days after pellet implantation. Indeed, contrasting with prominent hepatocytic proliferation in CTL/PH rats (group A), mitotic figures were absent in hepatocytes, and BrdU and Ki67 hepatocyte labeling indices were low and not significantly different from untreated livers. Of note, at this early time point after PH, CK19
þ LPC proliferate actively in 
all three AAF/PH time-point groups confirming that delivery of AAF though the pellets inhibits, efficiently and for a prolonged period, liver regeneration, enabling proliferation of progenitors.
DISCUSSION
When hepatocyte replication is impaired, liver regeneration is believed to occur through proliferation and progressive terminal differentiation of liver progenitor cells. 26 Here we used rats exposed to AAF and submitted to a PH as a model in which hepatocyte proliferation is impaired and LPC response stimulated. 14, 16 As expected, in those conditions, liver regeneration is poor and LPC expand. Twenty five % of rats presented impaired liver function and defective LMR. In such livers, we found a high proliferation of LPC, but not of hepatocytes, and poor signs of LPC differentiation towards hepatocytes. By contrast, in 75% of the rats, liver function was relatively preserved and partial LMR was associated with poor LPC expansion and with hepatocyte proliferation. Thus, a high expansion of LPC correlated with a poor recovery of liver function and the contribution of hepatocytic differentiation of LPC to hepatic function was negligible. Our data support that, in this model of impaired liver regeneration, proliferation of the remnant hepatocytes rather than differentiation of LPC contributes to maintenance of liver function.
AAF is metabolized by cytochrome P450 into hydroxylated metabolites that bind to DNA, hereby blocking cell cycle progression before S phase and impeding cell function, in hepatocytes but not in LPC that lack such enzymes. 26 As abundantly documented, hepatocyte proliferation peaks 48 h after PH, leading to complete regeneration of the liver mass within 10 days after 70% PH in healthy adult rats, through a mechanism that engages proliferation of mature remnant hepatocytes. 1, 6, 11 In AAF/PH livers, the replicative ability of hepatocytes being impaired, the physiological regenerative response to PH does not occur. This is confirmed in our system as hepatocyte proliferation was completely abrogated 48 h post-PH in AAF-treated rats, irrespectively of the duration of exposure to AAF before PH. By day 14 post-PH, a bare 30% recovery of the residual mass was reached in rats exposed to AAF compared with 70% in control PH rats, and there was no significant increment in LMR between day 7 and 14 post-PH. In AAF/PH livers, proliferative CK19 þ LPC were already seen 48 h post PH, and with time, further expand to form pseudoductular structures extending from the portal tract. As those cells are able to engage into hepatocyte lineage differentiation, such a LPC response constitutes a significant potential reservoir for hepatocytes. Consistent with previous reports, 27 in AAF/sham livers, neither the ductular reaction (expansion of CK19 þ LPC) nor the hepatocyte proliferation response were initiated, assuming that LPC response requires both the loss of liver mass (here by PH) and the impairment of hepatocyte replication.
Adding to the 12% mortality (2/17), 25% of surviving AAF/PH rats had a liver failure 14 days post-PH, as assessed by serum albumin and bilirubin levels, whereas the others maintained liver function. We first hypothesized that preserved function and regeneration might result from Figure 3 Correlation between liver mass recovery (LMR) and liver function. Graphs representing serum albumin (a) and serum bilirubin (b) levels measured in partial hepatectomy (PH) and 2-acetaminofluorene (AAF)/PH rats at day 14 post-hepatectomy, and correlated to the LMR. Note that serum albumin levels below the detection limit of 0.7 g/dl are arbitrary depicted as 0. (c) Graph representing liver mass to body weight ratio calculated at sacrifice for CTL rats, PH rats, AAF/sham rats, and for AAF/PH rats with LMR456% (n ¼ 9) or LMRo56% (n ¼ 6) 14 days after surgery (PH or sham). (d) Graph showing the hepatic mRNA expression of albumin (P-values are for comparison with PH group 14 days post-PH) and (e) OTC analyzed by RT-qPCR for the same groups. P-values o0.05 were considered as statistically significant.
a terminal differentiation of CK19
þ progenitor cells into hepatocytes. We effectively observed an inverse correlation between expansion of CK19 þ cells and both LMR and function. CK19 as well as other progenitor markers being progressively lost during differentiation, 18, 28, 29 was thus also compatible with increased differentiation. However, in AAF/ PH livers, we identified very few hepatocyte-like cells. Those were characterized by maintenance of LPC markers, together with acquisition of hepatocyte-like morphology which represent an intermediate phenotypic state between CK19 þ small oval LPC and terminally differentiated hepatocytes. 14, 18, 30 In addition, the number of intermediated cells was lower in livers with better function than in those with failure. Therefore, maintenance of liver function and LMR does not appear to rely on hepatocytic differentiation of LPC in this AAF/PH model. We next evaluated proliferating cells and found numerous Ki67 þ hepatocyte nuclei and mitosis (not shown) in the pericentral areas (ie away from the periportal zone where the LPC arise from) in those livers with better function and lower LPC. By contrast in poorly regenerating livers, proliferating cells were quasi exclusively located in CK19
þ LPC area and rarely corresponded to hepatocytes. This supports that, in our AAF/PH rats, liver mass gain ensued from hepatocyte proliferation and was sufficient for the maintenance of liver function. In the absence of such a process, hepatocyte mass did not increase sufficiently, and liver function failed despite an increased proliferation and attempt of differentiation of LPC. The reasons why, although delayed, hepatocyte proliferation occurs in some AAF/PH livers are not clear. Reduced availability of AAF because of incomplete or delayed emptying of the pellet is plausible. However, all pellets had similar macroscopic and microscopic appearance and weight at the time of killing, and no local inflammation or collections at the site of implantation were observed. The expression of hepato-specific genes such as albumin, OTC or IGF-1 significantly decreased in all AAF livers, whether with sham or PH, (although more dramatically in AAF/PH with LMR o56%), suggesting AAF-induced hepatotoxicity in all rats exposed to AAF. Also, we did not observe a fading or a termination of the AAF effect in the time frame used in our experiments since peak of hepatocytic proliferation remained completely abrogated 48 h post-PH in rats even when PH was performed 21 days after the implantation of the AAF pellet. Despite the deep inhibition of hepatocytic proliferation in the acute phase after PH, with time, hepatocytes do manage to escape this break, at least in some AAF-treated livers. Whether this reflects an interindividual susceptility to AAF, a variability in the process of escape from hepatocyte mitogenic blockade or in a compensatory, overstimulation of the environmental mitotic pressure remains to be established. The observation of decreased expression of TGF-b1, a well known mito-inhibitor for hepatocytes, in those livers in which hepatocyte proliferation is eventually seen, and in which some recovery of liver mass occurs, provides support to the latter. Several cytokines and growth factors have been implicated in the control of proliferation and differentiation of LPC. 25, 31, 32 In AAF/PH livers, lack of hepatocyte proliferation and liver failure are associated with maximal proliferation of LPC, but poor differentiation. In PH alone, increased CD133 expression, a stem cell marker expressed by immature progenitors, has been shown to correspond to recruitment of CD133 þ bone marrow-derived sinusoidal progenitors. 33 In AAF/PH livers with large expansion of LPC, increased expansion of CD133 is compatible with the increased presence of immature progenitors. Whether progenitors other than LPC are also recruited, remains to be determined. The pattern of LPC suggests that, the cocktail of signals in failing livers efficiently stimulates proliferation of LPC, but not their differentiation. Cytokines such as TGF-b1 and oncostatin M (OSM) might be part of this cocktail. TGF-b1 was upregulated in AAF/PH livers, but not sufficiently to improve LPC differentiation, in our experimental conditions. Unlike hepatocytes, LPC are resistant to the mito-inhibitory effect of TGF-b1 34, 35 and in specific context, TGF-b has been shown to favor cell differentiation. 32, 36 Similarly, Okaya et al In conclusion, we demonstrated that, in this model, LPC proliferation is not associated with restoration of liver function and mass, because they poorly engage into differentiation. Whether stimulation of hepatocytic lineage differentiation would rescue function in failing livers remains to be ascertained, in which case, the challenge ahead is to identify means to favor functional differentiation as tools to salvage acute and chronic liver failure. 
